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Priority Claim 

[0001] This application claims priority to U.S. Provisional Application No. 60/444,360, entitled 
"Flexible Method for Applying Vector Network Analyzer Calibrations," Attomey Docket No. ANRI- 
08064US0, filed January 30, 2003. 

Field of the Invention 

[0002] The present invention relates to the field of scattering (or "S") parameter measurement 
instruments, such as a vector network analyzer (VNA). 

Background of the Invention 

[0003] Multi-port devices are characterized by their number of ports, typically referred to 
throughout this application as N, where N is 2 or greater. S-parameter measurement instruments, 
such as a vector network analyzer (VNA), are used to characterize such a multi-port (i.e., N-port) 
device under test (DUT, often simply referred to as a "device") by measuring complex transmission 
and reflection characteristics of the DUT. 

[0004] In the RF and microwave regions virtually all devices are characterized by their S (or 
scattering) matrices. The S matrix is composed of S-parameters. S-parameter measurement is the 
standard method for device characterization over a very wide range of fi'equencies, fi"om less than 1 
MHz to above 40 GHz. These parameters are used because they are easily determined, they provide 
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directly relevant measures of device performance, and they are well defined for various types of 
devices. If other device representations are required, such as impedance or admittance parameters, 
then these can be readily deduced from the measured S-parameters. 

[0005] More specifically, S-parameters of a multi-port device characterize how the device 
interacts with signals presented to the various ports of the device. An exemplary S-parameter is 
"Si2." The first subscript number is the port that the signal is leaving, while the second is the port 
that the signal is being injected into. S12, therefore, is the signal leaving port 1 relative to the signal 
being injected into port 2. The four S-parameters associated with an exemplary two-port device are: 
S n is referred to as the "forward reflection" coefficient, which is the signal leaving port 1 
relative to the signal being injected into port 1 ; 

521 is referred to as the "forward transmission" coefficient, which is the signal leaving 
port 2 relative to the signal being injected into port 1 ; 

522 is referred to as the "reverse reflection" coefficient, which is the signal leaving port 2 
relative to the signal being injected into port 2; and 

S12 is referred to as the "reverse transmission" coefficient, which is the signal leaving 
port 1 relative to the signal being injected into port 2. 
[0006] A large number of commercial test systems are available for S-parameter measurement. 
Such systems are generally referred to as network analyzers. These instruments typically fall into 
two classes: scalar and vector. Scalar analyzers determine the amplitudes of the S-parameters only, 
whereas vector analyzers (VNAs) determine both the amplitudes and the phases. Scalar analyzers 
are far less flexible and far less accurate than vector analyzers, and are typically only employed in 
low-grade apphcations where equipment cost is a driving factor. Although embodiments of the 
present invention are generally applicable to VNA test instruments, the embodiments may also apply 
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to other types of instruments that characterize S-parameters (or other equivalent measurements) for a 
multi-port DUT. 

[0007] Commercial VNA systems typically include a signal generator and a combination of 
splitters and directional couplers that connect the measurement ports of the VNA to its amplitude 
and phase detection circuitry (samplers). A typical DUT to be characterized by such a VNA has one, 
two or more ports, typically with coaxial or waveguide interfaces. For an N-port DUT, the S matrix 
(NxN) can be defined by: b = Sa, where a is an N-component vector containing the amplitudes of 
the waves incident on the device ports, and 6 is a vector containing the amphtudes of the outgoing 
waves. More formally, the wave amplitudes are defined by: a,- +Z, I^/2\ and 6,- =(Vi -Zi l\)/2^ 
where Ui is the incident voltage wave amplitude, hi is the outgoing voltage wave amplitude, Vi is the 
voltage, li is the input current, and Z,- is the normalizing impedance, all for the / port under test. 

[0008] The port-normahzing impedances (Z,) are typically chosen to be equal to the 
characteristic impedances of the coaxial cables in the test system, which are 50Q in most cases. If a 
given port is terminated with its normalizing impedance (a matched load) then the incident wave 
amphtude at that port is identically zero (firom a, -(Vi + Z, I^/2\ 

[0009] When a DUT is connected to the test ports of a network analyzer, a signal is applied to 
each device port in succession, and the reflected and transmitted waves are detected with the aid of 
the directional couplers. The S-parameters for the DUT are then deduced by measuring the amplitude 
and phase of each of these waves relative to those of the input signal. 

[0010] hi practice, there are inevitable hardware imperfections or errors in any VNA test system, 
which are principally related to port mismatch, coupler directivity, and instrument frequency 
response. Without correction, these imperfections can produce significant measurement errors. Such 
imperfections are typically compensated for though appropriate VNA calibrations. VNA calibrations 
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are typically performed by connecting physical standard^ (also known as mechanical primary 
standards) to each of the ports of the VNA for the purpose of caUbration. Electrical characteristics of 
the standards are derived from known physical properties of the standards, such as physical 
dimension, conductor material, and the like. The errors of the VNA are typically determined by 
computing the difference between the VNA measured response of the standards and known electrical 
characteristics of the standards. After the VNA is calibrated, an uncharacterized DUT can be 
connected to the VNA for measurement, and the errors associated with the VNA (detemiined during 
calibration) can then be mathematically removed from the measurement of the DUT. Many modem 
VNAs include internal automatic calibrators that perform the calibration. 

[001 1 ] Calibrations (typically multi-port calibrations) are normally performed and then applied 
as a whole. For example, a 4-port calibration is performed and then applied by making 16 S- 
parameter measurements and using the error coefficients (arrived at during the performance of the 
calibration) to correct the data. If multiple M-port sub-devices are being tested at once, or a given N- 
port device is essentially composed of two or more M-port sub-devices (M<N), then either: a) a 
series of M-port calibrations are performed and recalled sequentially; or b) a full N-port calibration is 
always used although it may not always be needed. Both of these require more time than a 
calibration application appropriately scaled to the problem at hand. 

[0012] The following references, which are incorporated herein by reference, describe exemplary 
N-port calibrations: R.A. Speciale, "A Generalization of the TSD Network- Analyzer Calibration 
Procedure, Covering n-Port Scattering-Parameter Measurements, Affected by Leakage Errors," IEEE 
Trans. On MTT, vol. 25, Dec. 1977, pp. 1100-1 1 1 5; and A. Ferrero and F. Sanpietro, "A Simphfied 
Algorithm for Leaky Network Analyzer Calibration," IEEE. Micr. And Guided Wave Lett.," vol. 5, 
Apr, 1995, pp. 119-121. 
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[0013] When VNA measurements were limited to straightforward 2- and 3 -port devices, the 
application of a calibration was fairly simple, e.g., perform a 1-, 2- or 3-port calibration as 
appropriate and measure the S-parameters. In the interests of efficiency, some test methods have 
become compound, e.g., measure two 2-port devices in parallel or measure one while a handler is 
positioning another. Also, more DUTs have become compound, e.g., two 2-port devices in a single 
package, or a 1-port and a 3-port device in a single package, etc. Applying the calibrations can be 
inconvenient in some of these scenarios. Often, more S-parameter measurements are made than 
required to produce the needed parameters and/or multiple calibration files are sequentially recalled 
as needed. Both of these arrangements consume excess time and reduce test throughput. 

[0014] There is a need for more efficient techniques for producing S-parameter measurements 
and applying VNA calibrations. Preferably, such techniques should increase measurement 
throughput, particularly for multi-port devices. 

Summarv of Present Invention 

[0015] Embodiments of the present invention provide efficient techniques for applying VNA 
calibrations and increasing measurement throughput, particularly for multi-port devices. This is 
accomplished, in accordance with specific embodiments of the present invention, by making only 
using those measurements needed and using only the appropriate sub-set of error coefficients when 
applying VNA calibrations. Embodiments of the present invention can be implemented, for 
example, as methods, systems and/or computer program products. 

[0016] In accordance with embodiments of the present invention, a N-port device under test 
(DUT), where appropriate, is divided (not physically) into multiple sub-devices that each include less 
than N ports. This dividing can be based on transmission path levels between the N-ports. More 
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specifically, a transmission path level between each pair of the N ports can be determined, and the 
ports can be grouped together as being part of a same sub-device or a different sub-device based on 
relative transmission levels between the pairs of ports. Embodiments of the present invention can 
also be used with multiple physically separate devices. 

[0017] Next, a parent calibration is performed. The VNA is then used to determine the S- 
parameters for each sub-device, or separate device. This can include measuring S-parameters and 
removing corresponding error coefficients determined during the parent calibration, hi accordance 
with embodiments of the present invention, the parent cahbration results in a set of error coefficients 
representative of calibration errors. Then, when the calibration is applied to correct measured S- 
parameters, preferably only the sub-set of error coefficients corresponding to the S-parameters of 
interest are used to correct the S-parameters. 

[0018] hi accordance with embodiments of the present invention, at least one menu is presented 
(e.g., on a display of a VNA) that allows selection of which S-parameters are of interest for each 
sub-device or separate device. To increase efficiency, in accordance with embodiments of the 
present invention, only the S-parameters of interest for each sub-device or separate device are 
detemiined, without determining the S-parameters that are not of interest. 

[0019] Li accordance with embodiments of the present invention, the error coefficients 
determined during the parent calibration are stored in quickly accessible (e.g., volatile) working 
memory so that there is no need to recall calibration data fi'om slower (e.g., non-volatile) storage 
memory each time a different sub-device or separate device is to be measured. 

[0020] Further embodiments, and the features, aspects, and advantages of the present invention 
will become more apparent fi:om the disclosure set forth below. 
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Brief Description of the Figures 

[0021] FIG. 1 is used to show an exemplary measurement where a 4-port VNA is used to 
measure two 2-port DUTs. 

[0022] FIG. 2 is used to shown an exemplary measurement where a 4-port VNA is used to 
measure four 1 -port DUTs. 

[0023] FIG. 3 is used to shown an exemplary measurement where a 3 -port VNA is used to 
measure a 3-port DUT made up of a 1-port sub-device and a 2-port sub-device. 

[0024] FIG. 4 illustrates an exemplary main flexible calibration menu that can be displayed on a 
VNA, in accordance with embodiments of the present invention. 

[0025] FIGS. 5 A and 5B illustrate, respectively, an exemplary full term calibration sub-menu 
and an exemplary reflection only sub-menu, each of which can be displayed on a VNA, in 
accordance with embodiments of the present invention. 

[0026] 5C show an exemplary flexible calibration sub-menu that can be displayed on a VNA, in 
accordance with embodiments of the present invention. 

[0027] FIG. 6 shows a graph that compares flexible calibrations results, using embodiments of 
the present invention, with full 3-port calibration results on a DUT. 

[0028] FIG. 7 is a high level flow diagram useful for describing embodiments of the present 
invention. 
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Detailed Description 



[0029] In accordance with embodiments of the present invention, calibrations are subdivided so 
that only required portions (and hence only required measurements) are used at any given time. Such 
calibrations of the present invention shall be referred to herein as "flexible calibrations" or simply 
"flexible cals." Features of the present invention can be implemented in a VNA, in which a flexible 
calibration mode (or simply "flexible cal mode") according to embodiments of the present invention, 
is included. The flexible cal mode, in accordance with embodiments of the present invention, allows 
an existing 2-, 3- or 4-port S-parameter measurement and calibration to be quickly subdivided so that 
only the required measurements are taken and only appropriate error coefficients are appUed. This 
configuration can be changed, for example, by a simple conmiand string (a VNA fi-ont panel 
command or a commend fi-om an external controller, e.g., a PC) so that no setups need to be recalled 
firom memory or disk, thus allowing faster changeover between measurements. The following 
description explains how flexible cal might be used and how it can improve measurement throughput 
in some situations. 

[0030] An important principle behind flexible cal is based on the realization that the saving and 
recalling of VNA setups can be more time consuming than the measurements themselves. This is 
even true for recalls fi-om memory, but becomes even more obvious when recalling fi-om disk. If 
multiple setups can be enabled without a recall (such that error coefficients need not be reloaded), 
overall throughput can be improved. In accordance with embodiments of the present invention, this 
can be accomplished by having all error coefficients (relevant to S-parameters of interest) available 
in working memory (which is likely volatile memory), but just enabling those that are needed. This 
is important because often many different calibrations are performed before the S-parameter 
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measurements are performed for different types of DUTs. Calibration data (i.e., error coefficient 
data) and setups are generally large in terms of consuming memory, and thus, data associated with 
the various calibrations and setups are often stored in relatively slow and inexpensive storage 
memory (which is likely non- volatile memory), such as on a disk (e.g., a hard disk or a floppy disk) 
or in registers. Such storage memory is typically static (i.e., retains contents on removal of power) 
and much larger than working memory, causing access speeds to be much slower as compared to 
access to working memory. In contrast, data that is presently being used to perform calculations, and 
the like, are often resident in faster more expensive working memory, such as dynamic random 
access memory (DRAM). Due to its cost, the faster working memory typically has much less 
capacity than the slower storage memory. Accordingly, the appropriate calibration data is generally 
recalled from the slower storage memory and copied into the faster working memory when a 
calibration needs to be applied, e.g., when S-parameter measurements for a specific device are being 
made. This recalling is time consuming, and thus, slows down the measurement throughput. To 
increase measurement throughput, in accordance with embodiments of the present invention, all of 
the error coefficients that are deemed to be relevant to the S -parameters of interest are recalled at 
once from slower storage memory and moved into faster working memory, or maintained in the 
faster working memory following the parent calibration (without ever being stored in slower storage 
memory). 

[0031 J Another important concept behind flexible cal is that there are a number of test scenarios 
when a fiiU 3- or 4-port calibration is not needed for every measurement, but, overall all ports are 
needed at some point. This occurs with DUTs that are only partially connected, meaning all ports are 
not linked by low insertion loss paths so that every port does not affect every measurement (a 
counterexample would be a power divider, this type of DUT does not benefit from flexible cal). The 
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result is that unnecessary measurements are performed a good portion of the time. To see this, 
consider the examples discussed below. 

[0032] There is a trend in consiraier electronics to include multiple functional blocks in a single 
chip package, to thereby reduce production costs. As will be appreciated from the following 
discussion, embodiments of the present invention are very useful for measuring the characteristics 
associated with such packages. 

[0033] Example #1 In a first example, a 4-port VNA is used to measure a pair of 2-port 
DUTs. While one is being measured, the next is being loaded in the other position and vice-verse. 
The user has two options: 

a) A first option is to use two 2-port calibrations and recall a calibration setup between 
each measurement subgroup. If the handler is roughly as fast as the measurement, this results in lost 
time since the second device is ready to be measured except its calibration has yet to be recalled. 

b) A second option is to use a 4-port calibration, but now 16 parameters must be 
measured each time when only 4 are needed. This also results in lost time. 

[0034] FIG. I illustrates the first example measurement using a 4-port VNA 1 02. A first 2-port 
DUT 1 04a is being measured in FIG. 1 , while a second DUT 1 04b is being moved into position (e.g., 
by a robotic handler). After the S-parameters are measured for DUT 104a and the corresponding 
calibration is applied, the calibration information corresponding to the two VNA ports to which DUT 
1 04b is about to be coimected must be recalled. If the handling time is not large relative to the 
measurement time, the recalling of the calibration can drastically affect throughput. 

[0035] Example # 2 In a second example, a 4-port VNA is used to measure four 1-port 
DUTs (e.g., antennas or resonators). These may be four separate DUTs tested two at a time 
(analogous to the above two device problem) or four devices that should be measured together for 
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reasons of comparison. In the first case, the reasoning of Example #1 appUes, i.e., time is lost 
recalling calibrations between swaps or excess measurements are taken. However, this time the 
penalty is worse since only one parameter is required per 1-port DUT. Even in the second case time 
is lost since only four 1-port calibrations are needed (four measurements as opposed to sixteen). 

[0036] FIG. 2 illustrates the second measurement example. Four 1-port devices 204a, 204b, 
204c and 204d are to be tested in FIG. 2 (with each device being, e.g., an antenna or resonator). The 
devices 204a, 204b, 204c and 204d may either be rapidly moved in and out (four measurement in 
parallel for speed), in which case the reasoning of Example # 1 is just multiplied. Alternatively, this 
could represent multiple 1 -ports that must be tested together for comparison purposes. In either case, 
significant time savings are possible through careful calibration application. 

[0037] Example # 3 In a third example, a 3-port device includes a 1 -port resonator/antenna 
and a 2-port sub-DUT. If leakage is not of interest, then one would really like to measure only five 
parameters, not nine (as would be the case with a true 3-port DUT). Again, the idea is to avoid 
measuring more than is needed. 

[0038] FIG. 3 illustrates the third measurement example using a 3-port VNA 302. The DUT 
304, which can be, e.g., a front end module for a cell phone, includes a 1-port sub-device 306a (e.g., 
an antenna) and a 2-port sub-device 306b (e.g., an ampUfier path), where the two sub-devices 306a 
and 306b are not electrically connected together. The extemal ports may be available, for example, 
for connecting an extemal filter. DUT 304 is an example of a package, which to reduce 
manufacturing costs, includes multiple function blocks that are not electrically connected to one 
another within the package. Since 1 -port sub device 306a is not electrically connected to 2-port sub- 
device 306b, there should be zero, or at least very low (e.g., due to leakage), transmission between 
the one port of DUT 304 corresponding to sub-device 306a and the other ports that correspond to the 
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sub-device 306b. Embodiments, of the present invention take advantage of this realization. In other 
words, since only five of nine S-parameters are needed (and only that many needed for correction) to 
characterize DUT 304, a carefiil use of the calibration, in accordance with embodiments of the 
present invention, can again save time. 

[0039] The flexible measurements and calibrations of the present invention shall now be 
discussed. This operation requires that a single multi-port calibration be performed (2-, 3- or 4-port), 
possibly with an automatic calibrator for additional time savings. Then, when a given measurement 
is to be performed, the user or the controlling automatic test equipment (ATE) program informs the 
VNA (e.g., VNA 1 02) what portion of the caUbration is to be used. The simplest case is when a full 
M-port calibration is enabled. In Example #1 above, one might do a full 4-port calibration to start, 
and then enable a 2-port calibration for each of the measurement groups (i.e., for each sub-device). 
In Example #2 above, a full 4-port calibration would probably be done and then a series of 1 -port 
calibration subsets would be used. 

[0040] An exemplary flexible cal main calibration menu that can be displayed on a VNA is 
illustrated in FIG. 4. The three types of sub-calibrations that can be accessed are presented, 
including: full term cals, reflection only and customize cal. Once a selection is made and defined 
(see later FIGS.), APPLY is used to activate the flexible cal. More specifically, an operator selects 
one of the flexible cal options (i.e., either full term cals, reflection only or customize cal) and the 
corresponding sub-menu is displayed on the VNA. The sub-menu for a full-term cal is shown in 
FIG. 5 A, for a reflection only cal is shown in FIG. 5B, and for a customize cal is shown in FIG. 5C, 
each of which is discussed below. Once in a sub-menu, the user selects which 
caHbrations/measurements are of interest and then returns to the main menu (e.g., by selecting 
RETURN on the sub-menu). At that point, the user can select APPLY on the main menu, which 
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causes the VNA to perform the selected S-parameter measurements, and to apply the caUbrations by 
removing appropriate errors from the measured S-parameters. 

[0041] Once a parent calibration has been performed, this menu can be used to select the 
appropriate subset (remote commands can of course be sent, e.g., via GPIB or Ethernet). Exemplary 
uses of the three choices are discussed in more detail below. 

[0042] 1 ) full term cals - if the parent calibration is a 4-port calibration, one would use this to 
select a full 2- or 3-port calibration or to re-enable the full 4-port calibration; if the parent calibration 
is a 3-port calibration, one would use this to select any 2-port calibration or reselect the 3-port 
calibration. 

[0043] 2) reflection only - one would use this select one or up to 4 reflection-only 1-port 
calibrations. 

[0044] 3) customize cal - used to select different combinations than full term or 1-port 
calibrations. 

[0045] FIGS. 5A and 5B, respectively, show exemplary submenus for selecting full term 
calibrations and reflection-only (1-port) calibrations using flexible cal of the present invention. 
Although the menus look the same (except for the headings), their functionality is quite different. 
For example, when multiple ports are selected on the reflection-only submenu in FIG. 5B, a 1-port S- 
parameter measurement at each of the ports is activated. In contrast, when multiple ports are 
selected on the full term calibrations submenu in FIG. 5A, a full term S-parameter measurement 
encompassing all selected ports is activated. In a more specific example, suppose the parent 
calibration is a 4-port calibration, and ports 1, 2 and 4 are selected on the sub-menus of FIGS. 5 A 
and 5B. Using the "reflection onl/' submenu in FIG. 5B, 1 -port S-parameter measurements at ports 
1, 2 and 4 are performed, i.e., the VNA will measure Su, S22 and S44 and correct them. Using the 
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"fill! term cal" submenu of FIG. 5 A, a 3-port S-parameter measurement using ports 1, 2 and 4 is 
performed, i.e., VNA will measure Sn, S12, Sh, S21, S22, S24, S41, S42, and S44 and correct them. 

[0046] FIG. 5C is an exemplary submenu for "customized calibration," which allows S- 
parameters that are of interest to be specified. Any (or all) of the N S-parameters covered by the 
parent calibration can be selected on the screen shown in FIG. 5C, or the remaining similar ones 
connected by the 'MORE' soflkey. In the case of the third example discussed above, one might 
perform a 3-port parent cal and then select parameters Su, Sn, S21, S22 and S33 only (note the port 
numbering in FIG. 3). 

[0047] In accordance with embodiments of the present invention, the sub-set of error coefficients 
to be included in S-parameter correction is automatically determined as best as possible within the 
constraints supplied. In accordance with specific embodiments of the present invention, the rules for 
the selecting the appropriate error coefficients are as follows: 

a. If a reflection parameter is selected (Sii), then include all reflectometer error 
coefficients (e.g., directivity, source match and tracking error coefficients) for that 
port. If isolated, this works Uke a one-port reflection-only calibration. 

b. If a transmission parameter is selected, select its tracking error coefficient. If done 
alone, this works like a normalization calibration. 

c. If a transmission parameter is selected along with its matching reflection parameter 
(e.g., S12, Sn and S22X include load match error coefficients. 

[0048] The net effect is if the user specifies all 4 parameters associated with a 2-port, then a full 
2- port correction will be enabled. If only Sii and Sji are activated, then a 1 path-2 port calibration 
will effectively be enabled. Note that although the system can be fairly intelligent in which terms it 
uses, it knows little about the DUT. The user can help by specifying not only the measurements 
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needed but also ones that are critical. The term 'critical' refers to those paths tightly connected to the 
desired measurements but not on the measurements list. Consider if Example # 3 was actually a 4- 
port DUT (and a four port VNA was available) and where the 4th port was connected by a low 
insertion loss path to the ampUfier output. It may be necessary to include S44, S42, and S24 in the 
customization if a high degree of accuracy is needed on S21 or S22 and it was not possible to 
separately terminate port 4. Situations like these are rare and usually obvious; the factory that 
produced the DUT can typically be consulted if there are questions. 

[0049] To help illustrate the flexible cal process, we will look at Example #3, where a 3-port 
DUT includes an integrated antenna to be treated as a 1 -port sub-device and a amplifier path to be 
treated as a 2-port sub-device. While the potential time savings are explained below, a discussion of 
FIG. 6 will illustrate that in partially connected DUTs such as this, there is no accuracy penalty in 
using flexible cal features of the present invention. 

[0050] A full three port cal was performed over 700-1000 MHz and measurements performed 
with both the full three port calibration and with the flexible cal defined as a Custom Cal using Si 1, 
S12, S2U S22 and S33. The results are compared, in an overlay, in FIG. 6. As expected, there is no 
significant difference when only five parameters were measured per cycle (in accordance with 
embodiments of the present invention) instead of nine. As stated before, this works for partially 
connected DUTs such as those discussed previously. 

[0051 ] In FIG. 6, the light trace is the full calibration result, while the dark trace uses flexible cal. 
Aside from some minor differences due to trace noise (measurement done in a very wide IFBW with 
no averaging for speed), the traces overlay completely. 

[0052] The amount of time saved by using flexible cal is largely determined by the number of 
unnecessary measurements that are avoided. If the IFBW is very high, there is some unavoidable 
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overhead that is neglected in this analysis (i.e., in the reahn where measurement time limits 
throughput). Initially it will be assumed that the old method choice refers to using a foil N port 
calibration. 

[0053] Time Savings for Example # 1 : Measurements reduced by 50% over a foil calibration 
with no loss in accuracy assuming all four S-parameters are needed per 2-port sub-DUT. If the test 
device was two DUTs in a package, this would also be the time reduction. If the two DUTs are 
switches as in Fig. 1, then the time savings is dependent on handler speed. Suppose the 
measurement time per parameter is 1 5 ms and the handler time is 60 ms. The flexible cal cycle time 
is then 1 5*4*2=120 ms while the old cycle time would be (1 5* 16)+60=300 ms. If the handler time 
is 120 ms, then the flexible cal cycle time is 60+(120-60)+60+(120-60)-240ms while the old cycle 
time would be (15*16)+120=360 ms (still a 33% savings). 

[0054] Time Savings Example # 2 : Measurements reduced by 75% over a foil cal with no loss in 
accuracy. If DUTs are tested four at a time, this would also be the time reduction in a measurement 
time-limited scenario. If, for example, two DUTs are changed while two are being measured, then 
the time savings is dependent on handler speed. Suppose the measurement time per parameter is 
15ms and the handler time is 30ms. Ignoring other overhead, the flexible cal total time would be 
30+30=60ms whereas the old cycle time (not handler limited) was (16*15)+30=270ms. If the 
handler time was 100 ms, the flexible cal cycle time (handler limited would be 30+(100- 
30)+30H-(100-30)=200ms and the old cycle time would be 340ms (still a 41% savings). 

[0055] Time Savings for Example # 3 : measurements reduced by 44% over a foil calibration 
with no loss in accuracy. This would also be the time reduction in a measurement time-limited 
scenario. 
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[0056] If a recall cycle was used instead of foil N-port, the time differential would be tied to the 
recall time. In many instruments, this time exceeds 200ms (even more if recalling from disk). To 
reprocess example 1 with the first handler speed, the flexible cal approach would lead to a cycle time 
of 120 ms while a recall-approach would take at least 320 ms. 

[0057] As might be expected, the actual time savings is a strong function of the measurement 
(number of points, averaging, IFBW, etc.), the recall methods if used (from memory, hard disk or 
network, how large a setup file, etc.) and any handling variables. 

[0058] FIG. 7 is a high level flow diagram usefiil for describing embodiments of the present 
invention that efficiently characterize an N-port device using a VNA, where the N-port device is 
capable of being treated as multiple sub-devices, such as in FIG. 3. 

[0059] At a first step 602, the N-port device is divided into multiple sub-devices. The term 
"divide" in this step is not meant to indicate that the device is actually physically separated. Rather, 
the term "divide" in this step is meant to indicate that ports of the device are grouped together in 
such a way that each group of ports can be treated as a separate sub-device of the larger N-port 
device. This is most likely accomplished based on transmission path levels between the N-ports. 
Transmission path levels can be measured between each pair of the N-ports. Then, the ports can be 
grouped together as being part of the same sub-device, or a different sub-device, based on the 
relative transmission levels between the pairs of ports. 

[0060] In a specific embodiment, a highest transmission path level associated with a port is 
compared to other possible transmission path levels associated with that port. Then, those of the 
other ports that produce a transmission level path within a threshold range (e,g., 60 dB) are grouped 
as being part of the same sub-device, and those of the other ports corresponding to a transmission 
level path not within the threshold range are grouped as being part of another sub-device (i.e., as not 

- 
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being part of the same sub-device as the port currently being analyzed). If relatively coarse device 
measurements are desired, then the threshold can be reduced (e.g., to 40 dB). Conversely, if very 
accurate device measurements are desired, then the threshold can be increased (e.g., to 90 dB). 
Additionally, if there is virtually no transmission between a port and other ports (e.g., as compared to 
a reflection measurement), then that port can be grouped as being part of its own 1-port sub-device, 
as was the case with the antenna 306a in FIG. 3. 

[0061] When multiple physically separated devices are being tested, as in FIG. 2 for example, 
then step 702 may be skipped. 

[0062] At a next step 704, a parent calibration is performed. The parent calibration is a multi- 
port calibration used to determine all the error coefficients that will be necessary to correct S- 
parameter measurements of interest. In other words, the parent calibration is a multi-port cahbration 
encompassing all the potential transmission paths needed to measure the sub-devices (e.g., as in 
Example # 3) or separate devices (e.g., as in Examples # 1 and # 2) of interest. For example, if all 4 
ports of a 4-port VNA are going to be used to measure various sub-devices and/or separate devices, 
the parent calibration should be a 4-port calibration. However, if for example ports 1, 2 and 4 (but 
not port 3) of a 4-port VNA are going to be used to measure sub-devices and/or separate devices, the 
parent calibration can be a 3-port calibration encompassing ports 1, 2 and 4 (i.e., without 
encompassing port 3). 

[0063] The parent calibration should be at least as large as the largest calibration necessary based 
on the number of ports in the largest sub-device to be measured, or based on the largest number of 
ports of the VNA to be used. For example, if a 4-port device is separated into two 2-port sub- 
devices, then only a 2 port calibration is necessary. Thus, if the VNA being used to perform the 
present invention included 4 ports, a calibration may be performed using ports 1 and 2, but not 3 and 
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4. However, this would require that only 2 ports of the device be connected to the VNA at a time. 
Alternatively, a full 4 port calibration can be performed (as the parent calibration) and the entire 4- 
port device is connected to the VNA at one time. Further, if for example four separate 1-port devices 
are to be connected to a 4-port VNA at one time (e.g., as in FIG. 2), the parent calibration should be 
a full 4-port calibration. However, as explained below, preferably only those error coefficients 
relevant to the S-parameters of interest are used to correct S-parameter measurements. 

[0064] At a step 706, one or more menus are presented to user to allow the user, or a test 
controller, to select which S-parameters are of interest. Exemplary menus are shown in FIGS. 4 and 
5A-5C. Inputs, specifying which S-parameters are of interested, are accepted at a step 708. 

[0065] At a step 710, the S-parameters of interest for each sub-device (or separate device) are 
determined, without determining S-parameters that are not of interest. This can be accomplished by 
measuring the S-parameters for each sub-device (or separate device), and then removing the 
appropriate calibration errors (determined during the calibration in step 704) from the measures S- 
parameters. In accordance with an embodiment of the present invention, only those error coefficients 
corresponding to the measured S-parameters are used. Such error coefficients are preferably 
maintained in fast working memory, so that there is no need to perform time consuming recalls from 
slower storage memory. 

[0066] A new, somewhat more versatile VNA calibration utility has been presented that can save 
time by performing only those measurements that are required without having to recall different 
calibration setups. The prime benefits are for test systems trying to test multiple DUTs at a time and 
for multiport devices where not every path in the device is of interest. Both of these situations are of 
increasing importance in the more integrated and hybridized RF arena. 
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[0067] Many features of the present invention can be performed in, using, or with the assistance 
of hardware, software, firmware, or combinations thereof. Consequently, features of the present 
invention may be implemented using a processing system (e.g., including one or more processors). 
Such a processing system can be part of a VNA. 

[0068] Features of the present invention can be implemented in, using, or with the assistance of 
a computer program product which is a storage medium (media) having instructions stored 
thereon/in which can be used to program a processing system to perform any of the features 
presented herein. The storage medium can include, but is not limited to ROMs, RAMs, EPROMs, 
EEPROMs, DRAMs, VRAMs, flash memory devices, or any type of media or device suitable for 
storing instructions and/or data. 

[0069] Stored on any one of the machine readable medium (media), featiures of the present 
invention can be incorporated in software and/or firmware for controlling the hardware of a 
processing system, and for enabling a processing system to interact with other mechanism utilizing 
the results of the present invention. Such software or firmware may include, but is not limited to, 
apphcation code, device drivers, operating systems and execution environments/containers. 

[0070] Features of the invention may also be implemented in hardware using, for example, 
hardware components such as application specific integrated circuits (ASICs). Implementation of 
the hardware state machine so as to perform the functions described herein will be apparent to 
persons skilled in the relevant art(s). 

[0071] While various embodiments of the present invention have been described above, it should 
be understood that they have been presented by way of example, and not limitation. It will be 
apparent to persons skilled in the relevant art that various changes in form and detail can be made 
therein without departing fi*om the spirit and scope of the invention. 
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[0072] The present invention has been described above with the aid of functional building blocks 
illustrating the performance of specified functions and relationships thereof The boundaries of these 
functional building blocks have often been arbitrarily defined herein for the convenience of the 
description. Alternate boundaries can be defined so long as the specified functions and relationships 
thereof are appropriately performed. Any such alternate boundaries are thus within the scope and 
spirit of the invention. 

[0073] The breadth and scope of the present invention should not be limited by any of the above- 
described exemplary embodiments. 
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